Objectives: The mineralization of third molars has been used repeatedly as a method of forensic age estimation. However, this procedure is of little use beyond age 18, especially to determinate if an individual is older than 21 years of age; thus, the development of new approaches is essential. The visibility of the periodontal ligament has been suggested for this purpose. The aim of this work was to determine the usefulness of this methodology in a Portuguese population. Study Design: Periodontal ligament visibility was assessed in the lower third molars, using a sample of 487 orthopantomograms, 228 of which belonging to females and 259 to males, from a Portuguese population aged 17 to 31 years. A classification of four stages based on the visual phenomenon of disappearance of the periodontal ligament of fully mineralized third molars was used. For each stage, median, variance, minimal and maximal age were assessed. Results: The relationship between age and stage of periodontal ligament had a statistical significance for both sexes. In this population, stage 3 can be used to state that a male person is over 21 years-old; for females, another marker should be used. Conclusions: This technique can be useful for determining age over 21, particularly in males. Differences between studies are evident, suggesting that specific population standards should be used when applying this technique.
Introduction
Forensic age estimation has become increasingly important. This importance is related, partially, to problems arising from globalization, namely the increasing number of non-national subjects with doubtful information regarding their birth date. In these cases, age estimation is necessary in the course of criminal, civil or asylum proceedings (1) (2) (3) (4) (5) (6) (7) . The international interdisciplinary Study Group on Forensic Age Diagnostics [Arbeitsgemeinschaft für Forensische Altersdiagnostik (8) ] has proposed some guidelines for forensic age estimation. These include: a] clinic examination, performing anthroe547 J Clin Exp Dent. 2014;6(5):e546-50.
Age estimation and periodontal ligament
The visibility of the periodontal ligament of lower third molars with completed root formation [including apical closure] was recorded, as defined by Olze et al. (3) in the following four stages ( Fig. 1 . If the skeletal development of the hand is completed, an additional X-ray examination or CT scan of the clavicles should be performed (4, 6, (9) (10) (11) . Often, the information needed relates with the probability of an individual being older than 14, 16, 18 or 21 years old (4, 12, 13) ; in these situations, third molars are the only teeth able to provide valuable information, since all the remaining teeth have finished their development process. However, third molar mineralization is frequently completed under age 21 (14, 15) and, in some populations, it can be completed under age 18 (12, 16, 17) . In the Portuguese population, a previous study has showed that stage H of the eight-grade Demirjian scheme was found to be an useful marker for diagnosing age equal or superior to 18 years, both in males and females (12) . This means that for determining age equal or superior to 21 years, this methodology has no usefulness, since most teeth have already ended their root development by age 18. Several new dental techniques have been recently proposed to estimate age in these cases. For instances, Olze et al. (3) referred to the use of the periodontal ligament in the lower third molars as potential age estimation criterion after completed formation of the root. In this study, the radiographic visibility of the periodontal ligament in third molar was analyzed using OPT from a Portuguese population, in order to determine the suitability of this methodology in forensic age assessment, especially for determine age over 21 years.
Material and Methods
A total sample of 487 OPTs from Portuguese subjects from ages 17 to 31 years were assessed; 228 belonged to females, and 259 to males; subjects were divided into two groups: group a]: age inferior to 21 years; group b]: age equal or superior to 21 years. Subjects attended the residency dental clinic of the Faculty of Dental Medicine of University of Porto. OPTs were taken for diagnostic purposes, and dates of birth and exposure were proven, but unknown to the examiners. The socioeconomic background of the subjects' sample can be described as middle to low and the general health status of the sample subjects was good, with no known systemic pathologies.
The population affinity could not be verified however all subjects had Portuguese last names and it can be assumed they were born and lived in Portugal. This procedure was adopted by other authors in similar circumstances (3, 12, 18) . All OPTs with unclear images or presenting impacted third lower molars or with incomplete root formation, carious lesions or endodontic treatment were excluded. Age and sex distribution of the material can be observed in table 1. (9) . Other problems associated with clavicles examination relate to difficulties to reliably determine the ossification stage of the medial clavicular epiphyseal cartilage based on conventional posteroanterior radiographic images due to the superimposition of other structures and discrepancies in staging between cases assessed by conventional radiography and CT (19) . One advantage of clavicles examination is that, as it happens with other skeletal maturation methods, time-related differences are not affected by ethnicity, allowing X-ray standards for forensic age estimation to be applied ethnic groups which differ from the reference population; however, the rate of ossification is primarily affected by the socio-economic development of the population concerned, meaning that the application of X-ray standards to an accused person of a socio-economic status lower than that of the reference population usually leads to underestimation of that person's age (20) . Periodontal ligament visualization is a methodology proposed by Olze et al. (3) that is based on an optical phenomenon: the disappearance of the periodontal ligament; according with the authors, the biological explanation for this maybe that, with time, the membrane becomes so narrow that it can't be seen on radiographs.
The main advantage of this methodology is, perhaps, that it relies on an OPT observation. As stated before, an analysis of an OPT is one of the main phases of forensic age estimation. Therefore, by using the same x-ray exam, time and money can be saved, and there's no need to expose individuals to more radiation. The present investigation showed no intra-or inter-observer significant differences, underlining the reliability of this methodology. It was also found a strong positive correlation between age and periodontal ligament staging, both for males and females [r=0.541, p<0.001], meaning that, as seen by other authors (3), as age increases so does the LPD staging. There were, however, some limitations in this study associated with the sample and the variables. On one hand, the population studied is limited to a single ethic group; many authors have referred that dental standards must be population specific (12, 13) . Therefore, these data concern only the Portuguese population, and for other populations, specific-population data should be used. Additionally, this technique requires that third molars have complete root formation, no caries, no endodontic treatment and they could not be impacted. 
